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1.0 INTAODUCTLON

The Flood Control Act of 23 October 1962, Public Law 87-874 authorized
construction of a comprehensive plan of improvement for flood protection and
other purposes in the Illinois River and Tributaries Basin. This plan of
improvement was in accordance with the recommendations of the Chief of Engi-
neers in douse Document Number 472, Eighty-Seventh Congress, 2nd session. The
H artwell Drainage and Levee District is one of 16 local flood protection
projects recommended for improvements.

A General Design Memorandum-Phase 1, Plan Formulation, for the Hartwell
Drainage and Levee District, Greene County, Illinois is in preparation.
Included in Phase I is a planning document, providing environmental informa-
tion to be considered in the identification of alternative solutions to water
resource problems and opportunities associated with the Hartwell District.
This report provides a qualitative and quantitative evaluation of the aquatic
habitats located in the Hartwell District and will be used as part of the
Phase 1, Environmental Planning Document. The primary objective of this study
was to identify and provide a qualitative evaluation of the aquatic habitats
associated with the Hartwell District. A secondary objective included quanti-
fication of key physical and biological parameters at speciiic uampling loca-
tions within the study area. These data were used to support statements
regarding the quality of the aquatic habitats of the Hartwell District.

2.0 MATERIALS AND METHODS

2.1 Study Area

The Hartwell Drainage and Levee District, Greene County, Illinois, is
located on the East bank of the Illinois River between River Mile 38.2 (the
mouth of Apple Creek) and River Mile 43.1 (the mouth of Hurricane Creek). The
district consists of 9,630 acres of primarily agricultural land. The district
is protected by 5.0 miles of riverfront levee and 7.2 miles of flaak levee.
Leatic (standing water) habitats within the district consist of a single swamp
located in the soethwest corner of the district and a single small pond.
Lotic (flowing water) habitats consist of 3 major drainage ditches and several
lateral or interconnecting ditches that drain the croplands within the dis-
trict. Within these drainage ditches, flow is directed south and vest toward
a sJngle pump house located near the mouth of Apple Creek. There, water is
discharged into the Illinois River. Apple Creek runs along the southern
border and Hurricane Creek runs along the northern border of the district.

2.2 Literature Review and Consultation

All readily available reports and documents related to the aquatic biolo-
gical resources within the Hartwell District and nearby areas were obtained
and reviewed. In addition, the following selected individuals with extensive
knowledge of the study area were contacted and interviewed:

Person Location Phone

Mr. Joe Janecek U.S. Fish & Wildlife Service (618) 457-3662
dir. Dick Lutz Illinois Dept. of Conservation (217) 782-3884
iDr. Richard Sparks Illinois Natural History Survey (309) 543-3950
Dr. Jamie Thomerson Southern Illinois Univ.-Edwardsville (618) 642-3368



Each individual was asked of his knowledge and professional interest
related to the aquatic biological resources within the Hartwell and nearby
Levee Districts. Results of pertinent literature findings and interviews with
local authorities were then aumarised.

2.3 Photo-interpretation and Habitat Mapping

A series of 1979 true-color aerial photographs (1:1200) of the Hartwell
District was reviewed to identify dominant aquatic, wetland, and terrestrial
habitats located within the Hartwell District. These habitats were outlined
on a topographic map (1:24,000) and transferred to a base map (1:14,400).
This map is included in the report as a detached Figure. Acreage values of
standing water and lengths of streams and ditches were measured with a Lasico
Model L-10 Planimeter using the topographic map.

2.4 Aquatic Habita.t Evaluation

A joint field reconnaissaace/biological survey was conducted between 29
July and 11 August 1981 in order to assess the quality of the aquatic habitats
within the study area. Each of the major lotic (flowing) and lentic
(standing) aquatic habitats were observed along random points. Observations
of lotic habitata included: stream width, depth, bottom type, flow, instream
cover, aquatic vegetation, and streamside cover. Information gathered on
lentic habitats included: acreage, shoreline length, depth, shoreline vegeta-
tion, aquatic vegetation, bottom sediments, and occurrance of impounded cover.

In addition to field observation, biological samples and water quality
measurements were gathered at ten specific sampling locations. Six stations
were located within major or lateral ditches, two stations were established at
each of the flanking creeks, one station was located in a swamp, and one
station was a small pond. Biological samples included phytoplankton, zoo-
plankton, benthic macroinvertebrates, and fisheries. Water quality parameters
measured included depth, water clarity, turbidity, temperature, dissolved
oxygen, and conductivity.

2.4.1 Water Quality Parameters

Water depth was measured using a Lowrance depthsounder. Water clarity
was measured with a standard secchi disc. Turbidity was measured with Hach
turbidity meter. Temperature and dissolved oxygen were measured with a YSI
M•odel 54-A oxygen meter. Conductivity was measured with YSI Model 33 S-C-T

4 meter. Flow was measured by time of travel of floating debris over a known
distance.

2.4.2 Biological Parameters

Phytoplanktou, zooplankton, and benthic macroinvertebrate samples were
collected and analyzed from each of the 10 sampling stations. Fish collec.-
tions were made at 9 of the 10 sampling stations. Fish collections were not
made at Station 8 (swamp). Thick masses of emergent vegetation in the swamp
innibited effective seining and there was no available open water access -o
launch a boat equipped with electrofishing gear.
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2.4.3 Phytoplankton

A single phytoplankton sample was collected at each of the stations.
Each sample consisted of all organisms found in 4 liters of water, concen-
trated by sedimentation. Phytoplankton samples were preserved in the field
with 4 ml of Volvox fixative per 100 al of sample (Cave and Pocock 1956) and

,, transported to the laboratory.

Phytoplankton identification and enumeration was conducted using Wild
H-40 and Olympus aH1 phase contrast microscopes. Taxonomic references used to
identify the plankton are listed in Table 1.

The Utermohl (1958) method of sample analysis described by Weber (1973)
was utilized. This method was chosen because the sample material receives a
minimum of handling and the sampling and analytical protocol includes the
nannop lankt on.

Counting procedures followed those outlined in Biological Field and*Labo-
ratory Methods for Measuring the Quality of Surface Waters and Effluents
(Weber 1973). Generally, at least two strips (perpendicular to each other)
across the bottom of the chamber were counted. The volume of water sedimented
was adjusted to yield counts that included at least one hundred of the most
abundant taxa. Organisms enumerated were identified to the species level when
feasible. Taxa not identified to the species level were differentiated to
allow for the calculation of diversity indices. Data obtained from counts
were entered in a computer. Computer generated tables included density and
percent occurrence of major groups and individual taxa, number of ta:a, and
the Shannon-Wiener diversity index (Krebs 1972) for each replicate sample.

2.4.4 Zooplanktoii

Zooplankton samples were collected in conjunction with phytoplankton
samples at each of the ten sampling locations. A single sample was collected
at each station consisting of thirty liters of water bucketed through a number
25 (64a) mesh plankton net. The concentrated samples were each transferred to
individual labeled bottles, preserved in a 5% formalin concentration, and
returned to the laboratory for analysis.

Zooplankton analysis was conducted utilizing a compound microscope and a
standard Sedgevick-Rafter counting chamber. Three replicate one ml alequots
of sample concentrate were examined per sample and the numbers of zooplankton
were converted to density per liter of water sampled by the following formula
from Weber (1973):

T xC
No./ A sM v

Where: T - Total tally
"C - Total volume of sample concentrate (ml)
S Volume of sample examined (ml)
V = Volume of water sampled (liters)

3
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WAPORA

Table 1 . Taxonomic references used to identify phytoplankton samplesfrom the Hartwell District. References are listed according
to major taxonomic groupings.

Taxgnomic Group References
Diatoms Weber (1966); Patrick and Reimer (1966);

Patrick and Reimer (1975); Hustedt (1961-
1966); Hustedt (1959); Hustedt (1930);
Huber-Pestalozzi (1938)

Cryptophyta Huber-Pestalozzi (1968)

Euglenophyta Huber-Pestalozzi (1955)

Chrysophyta Huber-Pestalozzi (1941)
General Smith (1950); Prescott (1962, 1970); West

and Fritsch (1968); Taft and Taft (1971);
Tiffany and Brittan (1971)
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Adult copepods and cladocerans were identified to species and rotifers to
genus when possible. Taxonomic references included, but were not limited to,
Ahltrom (1940, 1943), Brooks (1957), Edmoadson (1959), and Pennak (1953).

Zooplankton counts by individual tax& were recorded on standard WAPORA
beach sheets with each tama assigned a code number for computer entry andj print-out.

2.4.5 Benthic l.acroinvertebrates

Five quantitative benth-c samples were collected at each of the ten
sampling locations. Each sample consisted of all organisms collected in a
0.03 square water Ponar grab sample and retained by a No. 30 seive. Bach
sample was placed in a labeled quart jar. All organisms were preserved in 10%
formalin and transported to the laboratory for analysis.

Each sample was poured into a sorting tray and all organisms were removed
and placed in individual labeled vials. Oligochaetes and members of the family
Chironomidas were mounted on slides and cleared using C(C-10 mounting media
(Parrish 1975) for easier viewing of anatomical structures. All organisms
were identified to the lnwest practical taxon. References used in identifying
the Chironomidae included lilsonhoff (1975), Brinkhurst et al. (1968), Mason
(1973), Oliver et al. (1978), Simpson and Bode (1978), and Parrish (1975).
References used in-identifying members of the Naididae and Tubificidas in-
cluded Iiltuner (1973) and Uowmiller (1975). The Bphemeroptera (mayflies)
were identified using Burke (1975). The Trichoptera (caddisflies) were iden-
tified using Ross (1944). Other general references helpful in identification
of benthic macroinvertebrates included Edmonson (1959), and Pennak (1953).

Computer coded data sheets for each sample complete with taxonomic infor-
meatio as well as depth and substrate information were entered into a Harris
Model 80 minicomputer for data processing. Taxonomic listings were prepared
for each sampling station. The density of each taxon and the total macro-
invertebrate density in numbers per square meter was computed for each sample
replicate and the arithmetic man was computed for each sampling station.
Species diversity indices using the Shannon-WJiener index were computed,

2.4.6 Fish

Adult fish collections were made at each sampling location excluding
Station 8 (swamp). At seven of nine stations a known area was partitioned
using 60 feet long by 8 feet deep block nets. Length of the stations ranged
from 30 feet to 50 feet. Block nets were not used at Station 7 (pond) and
Station 10 (Hurricane Creek). At Station 7 a one hour electrofishing sample
was collected along the nearshore of approximately 1/2 of the pond circum-
ference. At Station 10, swift current inhibited the use of block nets and only
seining was conducted. At each of the other stations electrofishing or a

( combination of both electrofishing and seining techniques were used.
Electrofishing gear included a 220 volt AC generator mounted in a 14-foot

Jon boat equipped with two lead electrodes extending into the water to a depth
of about 4 feet. At each station, electrofishing was conducted for at least a
1 hour period. Following the initial I hour period, electrofishing was con-
tinued for a period of 10 minutes following the final fish capture, to ensure
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that all fish (fish susceptible to AC shocking) in the enclosed area were
removed. Complete remov ;l of fish may not have occurred at stations when
maximum depth *etceeded 5-6 feet since the electrofishing is generally less
effectivw in deeper water. Seining was also conducted at sampling statiuns
when possible. Steep sloping banks and deep water at several of the stations
inhibited effective eaining. Seining was not conducted at stations 3, 5, 6,
and 7. At each station, fish were removed and placed in a wash tub partially
filled with water. Following the sampling period each fish was identified to
species. Total length and weight was recorded for each fish.

Computer coded data sheets including length and weight information for
each fish species were entered into a Harris model 60 minicomputer for data
processing. Computer data tables were generated summarizing fish information
for each sampling station. Standing crop in pounds per acre of each fish
species was estimated for a station when feasible. Species diversity indices
were computed using the Shannon-Wiener index (Krebs 1972).

References used in the field for identification of fish included Smith
(1979) and Pflieger (1975). Fishes that could not be readily identified in
the field were returned to the laboratory. These included young-of-the-year
and larval specimens.

3.0 RESULTS AND OISCUSSION

3.1 Literature Review

The aquatic biological resources of Illinois have been thoroughly in-
vestigated through the cooperative efforts of researchers within governmental
agencies and universities. Illinois fisheries have been well documented.
Smith (1971) classified the streams of Illinois based on habitat types and
their associated fish compositions. Smith (1965) prepared an annotated list
of the Illinois fishes and followed (Smith 1979) with a more detailed taxono-
mic treatment of the fishes of Illinois. Hills et al. (1966) documented
biological modifications (major emphasis on fishes) that have occurred in the
Illinois liver over a period of 75 years as a result of human influence.
Similarly, Larimore and Smith (1963) reported the long tarm effects of stream
changes on the fishes in Chmapaign County, Illinois. Lopinot (1967) conducted
an inventory of the fishes from mine streams within the Kacoupin Creek Basin
of Illinois.

Several authors have published material on the aquatic macroinvertebrates
of Illinois. Prison (1935) contributed a detailed taxonomic analysis of the
Plecoptera (stoneflies) of Illinois. Rose (1944) presented work on the tax-
onomy and distribution of the Trichoptera (caddisflles) of Illinois. A
tnorough treatment of the Sphemeroptera (mayflies) was given by Burks (1953).
The Anisoptera (dragonflies) of Illinois are described by Needham et al.
(1903) and the Zygoptera (daaselflies) are presented in Carmen (1917)j. he
Dipteran Chironomidae (midges) of Illinois are described in dallock (1915) and
the Culicidae (mosquitoes) are treated in Ross (1965). Freshwater mussels in
Illinois have been investigated by Lopinot (1968), Starrett (1971), and
Parmalee (1967).

6 ___



Phytoplankton in Illinois waters has been studied by several authors.
W.ffany et al. (1971) contributed the Alass of Illinois. Lin t a.1 . (1978)

investigated the distribution of algae in Illinois streams. Morris et al.

(1978) reported on the distribution of phytoelankton in Illinois lakes.
Kofoid (1903, 190d) reported the taxonbmic distribution of sooplankton in the
Illinois River and surrounding watershed.

For a description of the aquatic and semi-aquatic amphibians and reptiles
of Illinois see Smith (1961) and Cahn (1937).

Several localized aquatic biological surveys in the area near the Hart-
well Drainage and Levee District have been conducted. Thomerson (1977) sur-
veyed the fish and macroinvertebrates of the Eldred and Spanky Drainage and
Levee District. Kulfinski (1977) studies the algal and vegetative components
of the sane district. Axtell (1981) conducted an aquatic biological inventory
of the Nutwood Drainage and Levee District. A s•ailar aquatic study is
currently being conducted within the dillview District (adjacent to Hartwell-
North).

Recent fishery surveys in the Illinois River near the Hartvell study area
have been conducted by the Illinois Natural History Survey (Sparks 1975).
These surveys have been primarily by electrofishing. Other fish surveys
within Greene, Jersey, and Scott Counties have been conducted by the Illinois
Natural distory Survey and are available as unpublished data.

The Illinois Department of Conservation published fishery data for
Greene, Jersey, and Scott Counties as part of a survey on the Water Resources
of these Illinois counties (Lockart 1971a, 1971b; and Rogers 1980). The
Illinois DOC has also recently published the results of a statewide sport
fishery survey for fiscal year 1978 (Rogers 1980).

3.2 Consultation

Individuals with extensive knowledge of the aquatic biological resources
within the study .rea were contacted and interviewed.

Dr. aichard Sparks of the Illinois Natural History Survey was contacted
on 24 July 1981. de was informed that WAPORA was conducting an aquatic ;iolo-
gical inventory of the dartwell District. Dr. Sparks explained that the Ill.
Nat. dist. Surv. team has not previously conducted surveys in the drainage

are's and that they are generally not concerned with the biota located behind
the levees, but maintain a deep interest in the Illinois River mainstem and
tributaries.

gr. Joe Janecek of the US Fish and Wildlife Service (USFWS) was contacted
on 3 August 1981. He was aware of the current study and informed WAPORA of
USFWS's role in providing fish sampling and data analysis recosmendations to
the St. Louis Corp of Engineers. We discussed the various fish sampling

(methods (electrofishing, saining, etc.) used in this study. Mr. Janecek sent
to WAPORA a copy of a letter sent to Oven Dutt from him that described in
detail the recomfeidations made by USFWS.

7



Mr. Dick Lutz of the Illinois Department of Conservation (DOC) was con-
tacted on 30 September 1981. Hr. Lutz expressed that due to limited manpower,
little aquatic biological sampling with the various drainage and levee dis-
tricts 'As been done by the illinois DOC. Higher priority is given to the
major Illinois rivers, tributaries, and lakes. He mentioned that he would
check the DOC's data files for possible information on the aquatic biota of
the Hartwell District.

Dr. Jamie Thom%?rson of Southern Illinois University-Edwardsville was
contacted on 30 Septeuber 1981. He agreed to send WAPORA a copy of his report
on the fishes and macroinvertebrates occurriag in the Eldred and Spanky
Drainage and Levee District. Dr. Thomerson mentioned that some of the areas
sampled in the Eldred and Spanky District supported a largemouth bass fishery
as evidenced by capture of small young-of-the-year basses. He mentioned that
other areas supported only fathead minnows and black bullheads. He felt that
these areas were isolated or choked off and that previous "hard winters" may
have killed off other species. de mentioned that some of the small streams
flowing down from the bluffs supported a wide diversity of fishes. Dr.
Thomerson utilized DC electrofishing gear and seining. He mentioned that in
some locations deep water and steep sloping banks inhibited the effectiveness
of seining. Also, in a few areas, hard water conLitions limited the effect-
iveness of the electroshocking gear.

In addition to the above consultants, several local residents with know-
ledge of the aquatic biological resources within the Hartwell District were
contacted. Mr. Jim Powell, district commissioner of the Hartwell District was
contacted on 1 October 1981. Mr. Powell explained that many local and nearby
residents utilize the main ditches and the pond within the Hartwell District
for recreational fishing. He mentioned that some of the ditches maintained
populations of white crappie, bluagill, and bullheads. He considers the pond
to be primarily a bass pond and that fishing pressure in general within the
district is heavy. Mr. Powell explained that the swamp (Brushy Lake) located
in the southwest corner of the district does not support a sport fishery. It
is shallow and choked with vegetation. He along with many of the local resi-
dents consider Brushy Lake to be of considerable value as waterfowl habitat.

h The privately ovned area is leased to a local duck hunting club (Brushy LakeDuck Club) and hunting pressure there is heavy. Ar. Powell mentioned that the
""ner of Brushy Lake has considered draining the swamp for farmland following
the t%.;ination of the lease (end of current year). Mr. Powell and others are
concerned over the ?otential loss of this waterfowl habitat.

A •Mr. Bo. Wltzer, the president of Brushy Lake Duck Club, was contacted
I October 1981. He expressed similar feelings toward Brushy Lake as a valua-
bLe waterfowl and wildlife resource.

Mr. Charlie foung was contacted on 8 August 1981. Mr. Young is a Drag
line opprator for the Hillview Drainage and Levee District. Mr. Young ex-
plaLj.- that the ditches are dredged on a regular basis. Time between dredg-
ings - usually I to 2 yes-, lie explained that in tke dragline dredgirg
pro.-...,. thZ vegetation adc•cent to the ditches is destroyed and covered over
by diocdge spoil froAu tha ditches. He mentioned that the Hartwell District isI used oy many local residents for recreational fishing.

i [ , 48



3.3 Overview of Aquatic Habitats

Although the major land use in the Hartwell Drainage and Levee District
is agricultural, several aquatic habitats have been identified. There are
major and lateral ditches, a shrub swamp, and a small pond. Small creeks are
locat4d adjacent to the north and south borders of the district (see
Table 2a,b).

3.3.1 L.:ic Systems

The majority of flowing water in and adjacent to the district consists of
three major drainage ditches and associated lateral ditches (Table 3). A
total of 27 miles of drainage ditches occurs within the district. The esti-
mated total ditch area is 86 acres. A-Ditch is 4.3 miles long and runs north-
south on the east side -:f the district. It is fed initially by a creek flow-
ing down from the bluffs immediately adjacent to the district and by several
smaller lateral ditches along the eastern border of the district. A totpl of
five creeks drain down from the eastern bluffs into channelized 'Ateral
ditcheb a-.d into A-Ditch (See detatched Figure). The average width of A-Ditch
within the upper and middle reaches is about 35 feet. Strsamside vegetateýon
along these reaches consists mainly of perennial grasses, regweeds, and small
maple and willow trees. In the southern third of the district A-Ditch cuts
west and flow is directed toward the pump house in the southwest corner. In
this lower reach, A-Ditch widens to an average width of 55 feet. Along this
lower reach the area is heavily wooded with large stands of cottonwoods,
willows, and sycamores lining both shorelines. This is the only significant
bottomland forest occurring adjacent to ditches in the district and has
resulted from the prohibition of lumbering by private ownership. In this
lower reach, numerous tree falls, stumps, and large branches occur in the
ditch providing shade and cover.

B-Ditch (known as Long Lake by local residents) is 4.2 miles long and
originates in the north central area of the district. It flows south and west
into C-Ditch. The upper reach of B-Ditch averages 20 to 30 feet wide and 3-5
feet deep. Streamaide vegetation is mainly grasses, with some single row
stands of bottomland hardwoods. The middle reach of B-Ditch meanders slightly
to the west and back to the south. The ditch is wider here (40 feet) and
slightly deeper (4-6 feet). Bottomland forest stands are greater in number

* and size along this aiddle reach. The lower reach of B-Ditch flows west into
SC-Ditch. The habitat in this reach is similar to the middle reach. Four

smaller lateral ditches take on runoff from the croplands in the center of the
district and drain into B-Ditch.

D-Ditch is 4 miles long and originates in the northwest area of the
district and flows due south into A-Ditch. The uppermost reach of C-Ditch is
narrow (20 feet) and shallow (3-4 feet) and serves to drain immediate adjacent
croplands. Streamside vegetation along this reach is sparse, consisting of
mainly grasses. The middle reach of C-Ditch is wider (40 feet) and deeper

( (5-7 feet) and accepts drainage from several lateral ditches. Single and
double rows of bottomland trees lie in patches adjacent to the ditch providing
some shade and cover. The lower reach of C-Ditch is between 40 and 50 feet
wide and about 5-7 feet deep. Intermittent stands of willows, small cotton-
woods, and maples occur alongside this reach. C-Ditch merges with A-Ditch inthe southwest corner of the district where flow is directed toward the pump
house and into the Illinois River (See detached Figure).

9



Table 2a. Hartwell Drainage and Levee District land use expressed in
acreage and percent of total acreage.

Percent of
Habitat Ar'ea (acres) TOtal .Acreage

Urban (1) 65 O,7

Cultivated Field 8905 92,5

Old Field 84 0,9

Bottomland Forest 201 2.1

Shrub Swamp 87 0;9

Pond 3 0,03

Border Habitat(2) 191 2.0

Ditches 86 0.9

Emergent 8 0,08

Total

9,630

(1) Includes farmsteads, roads and other development.

(2) Includes successional ditch-side vegetation and road-side vegetation,
Not depicted on map because of narrow width (Average width 10-20 feet)

Table 2b. Habitats and acreages located outside the protectton of the Levee,
between the Levee and the Illinois River, Hurricane Creek and
Apple Creek.

Habitat Area tacres)

Bottomland Forest 360

Streams 42

Total

10
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Apple Creek and Hurricane Creek are located adjacent to the respective

southern and northern borders of the district. Apple Creek is approximately 5
miles long and averages 50 fset wide and 5-6 feet deep. Generally, Apple
Creek is a slow moving stream. The bottom 4, laden with silt and clay with
patches of fine sand occurring ir ermitteatly. Numerous tree falls and stumps
occur in Apple Creek providing instream cover. Apple Cr(:ek has been channel-
ized with most of the original meander removed. Still, some stream curvature
remains in the upper reach of the creek. The middle and lower reaches have
bel.n straightened (See detached Figure). The sinuosity index for Apple Creek
is 1.58 and is the highest of all strez.ms and ditches within the district.
Large stands of bottomland forest are present adjacent to Apple Creek along
the middle and lower reaches. Aquatic vegetation is sparse. Seasonal flood-
ing occurs along the banks of Apple Creek. During July 1981, following
several large storms, it was observed that App.e Creek had exceeded its banks
by I to 2 feet. During this same period, Hurricane Creek along tha northern
boundary of the district had remained within its banks.

Hurricane Creek is approximately 3.8 miles long adjacent to the district.
This creek has been channelized and straightened. The sinuosity index for
Hurricane Creek is 1.1. There are no naturally oceurring meanders. Hurricane
Creek is approximately 20-30 feet wide and averages about 3-5 feet deep.
Bottom types ranges from silt and clay to coarse sand, gr=cl, and some cobble
in the eastern reaches. Flow in Hurricane Creek is generally syfter than in
Apple Creek and ranges from sluggish in the lowtr reach to moderate in the
upper reaches. A setici of riffles and deepe." pool areas exist in the upper
reaches of the creek. Stitamside vegetation consists of mairly -grasses and
small perennial shrubs in vhe upper and lower reaches. Wtehii' the middle
reach, larger bottomland trees occur in patch.,s. A.-uatic vegetation is
sparse.

3.3.2 Lentic Systems

Brushy Lake (swsuap) and Sand Hole (pond) represent the only permanent
standing water arena within the Hartwell District. Brushy Lake is an 87 acre
shrub swamp located in the southwest corner of the district. The soils are

I permanently submerged. The domin•unt emergent plants are shrubby hydrophytes.
Large stands of both dead and live timber (cottonwood, ash, etc.) occur in the
swamp (Table 4).

Water levels in the swamp are maintained by groundwater seepage from the
adjacent levee; the source being the IllinoiP River. During the fall, when
the Illinois River is low, water is pumped into the swamF to maintain con-
stant water levels. This water level manipulation is carried out by members
of the Brushy Lake Duck Club in order to preserve the swamp habitat. The
Brushy Lake Duckr Club maintains five duck blinds in the swamp. Each blind is
located near a small patch of shallow, open water. These open water areas are
maintained by periodic clearing of emergent vegetation and provide excellent
habitat for waterfowl.

Sand Hole is a small 3 acre pond located in the north-central area of the
district. The average depth is approximately 8 feet and the maximum depth is
12 feet. The bottom sediments vary from fine iilt and clays in the deeper
areas to fine to mediua sand in shallower portions of the pond. Several small
springs feed the pond. Aquatic vegetation consists of mainly floating plants

12
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with some emergents, includio& cattails and buttonbush. A well developed
stand of bottomland trees surrounds the pond. Large cottonwoods, willows, and
ash predominate. Humerous tree falls, sunken stumps, and orush exist in the
pond and provide cover for aquatic organisms.

3.4 Existing Aquatic Biological Resources

Fisheries, macroinvertebrates, and plankton data were gathered from 10
sampling locations within a.A adjacent to the district in order to document
existing conditions and assess the overall value of these components as biolo-
gical resources.

3.4.1 Fisheries

dabitats capable of supporting fish life in the study area include the
major and lateral drainage ditches, Apple Creek, Hirricane Creek, and Sand
dole Pond. Brushy Lake probably supports limited fish resources but this area
was not sampled and it is knuwn that it is not used for recreational fishing
by local residents (see Table 5 for physical data).

A total of 306 ftsh representing 21 species were collected in the study
area. Total weight of the catch was 4d.1 lb. The combined sampling area over
all sampling sites was 18,00U square feet. Average biomass per acre was
estimated at 116 pounds/acre (see Appendix table A.2). Numbers of fish cap-
tured and estimated biomass/a-re for each species and sampling location are
presented in Table 6 and 7.

The dominant fishes occurring within the Hartwell District are considered
wide ranging species, tolerant c- wide fluctuations in environmental condi-
tions including temperature, dissolved oxygen, flow, turbidity, and siltation.
Nine of the 21 species belong to this ecological group: gizzard shad, carp,
golden shiner, black 5ullhead, green sunfish, bluegill, spotted bass, large-
mouth bass, and white crappie. A second ecological assemblage of fishes,
typical of prairie regions (defined in Pflieger 1975), was also found within
the study area. These included hornyhead chub, bigmouth shiner, red shiner,
suckermouth minnow, and bluntnose minnow. Warmouth and brown bullhead were
also collected and are considered lowland species. Big river fishes taken in
the collections included freshwater drum, bigmouth buffalo, quillback, and
shortnose gar. For a general discussion of these fish faunal assemblages see
Pflieger (1975) and Thomerson (1977).

The drainage ditches within Hartwall are typically shallow, ranging in
depth from 2 to 6 feet, with shallow gradients. They are sluggish, usually
moderately to highly turbid and with low to moderate levels of dissolved
oxygen. Turbidity in the ditches ranged from 75 ,'o 160 FTU units and secchi
readings ranged from 0.4 to 1.5 feet (Table 3). Dissolved oxygen ranged from
2.9 to 6.7 ppm. Rough fish typically dominate these habitats, although sport
fisaies can occur in restricted areas. Carp was the dominant fish in terms of
biomass collected in the Hartwell drainage ditches. Biomass values ranged
from 49 lb /acre to 122 lb./acre and averaged 56 lb./acre (Table 7). Gizzard
shad was the dominant forage fish found in the ditches. This Lpecies averaged
21 lb./acre over the six ditch sampling stations. Largemouth bass was found
in three of the six ditches. Xadividual bass captured were of fairly good
size and in good condition. Bass averaged 13 inches in total length and
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WAVORA

Table 6. Total numbers of fish collected within and adjacent tQ the Hartwell Drainage
and Levee District during a Biological Samplirg Survey-conducted between
29 July and 11 August 1981.

Lentic Systems Lotic Systems

Pond Ditches Apple Hurricane

Sand Hole Creek CrPek

Station No. 7 1 2 3 4 5 6 9 10

Species

Shortnose gar 1
Gizzard shad 6 15 20 14 6 8 10
Carp 5 4 3 3 5 2 4
Hornyhead Chub 4
Golden shiner 11
Emerald shiner 1

Bigmouth shiter 7
Red shiner 2 10
Suckermot,th Minnow 1
Bluntnose minnow 5
Carp fry 50
Quillback 1
Bigmouth buffalo 1
Black bullhead 1
Brown bullhead 1 3
Sunfish fry 2 2 1
Green sunfish 1 2 1 3
Warmouth 1 2
Bluegill 9 4 8 2 8 15 20 3
Spotted bass 1 2
Largemouth bass 2 1 2 1
White crappie 3 11 11
Freshwater drum 1

Totals 16 17 29 30 41 27 35 75 36

Total Species 3 4 6 6 6 7 7 9 11

Shannon-Wiener Index 1.03 1.35 1;0 1.16 1.53 1.34 1.29 1.22 2.06
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Table 7. Estimated Biomass (pounds/acre) of fish occurring witnin and adjacent to
the Hartwel' Drainage and Levee District

Lenttc Systems Lotic Systems

Pond Ditches Apple Hurricane
Sand Hole Creek Creek

Station No. 7 1 2 3 4 5 6 9 10

Species

Shortnose gar 7
Gizzard shad 7 26 42 28 10 14 12
Carp 109 63 49 53 122 49 25
Hornyhead chub 2
Golden shirer <1 1
Emerald shiner <1
Bigmouth shiner' <1
Red shiner <1 2
Suckermouth minnow .-1
Bluntnose minnow <1
Carp fry <1
Quillback <1
Bigmouth buffalo <1
Black bullhead 3
Bt-iwn bullIhead 8 1
SunfisO fry <1 <1 <1
Green sunfish 9 6 2 <1
Warmouth 1 1
Bluegill 11 6 5 <1 10 13 24 1 <1
Spotted bass 1 6
Largemouth bass 47 37 46 3s,
White crappie 5 35 2 2
Freshwater Mljrr <1

Totals 167 81 120 95 203 71 93 45 12
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1.5 lb. in weight over all sampling stations. Per acre biomass estimate for
bass aferaged 41 lb./acre in the ditches where they occurred and 20.3 lb./
acre over all six drainage ditches. White crappie were found in four of the
six ditches. At Station 4, white crappie were abundant. Biomass for white
crappie at this station was 35 lb./acre. Bluegill sunfish were captured at
each of the six drainage ditches and were most abundant at Station 6. Blue-
gill averaged 10 lb./acre over the six drainage ditch locations. Other spe-
cies found in the drainage ditches were green sunfish, warmouth, spotted bass,
black bullhead, brown bullhead, and golden shiner (Table 6). The drainage
ditches mainly support wide ranging species, tolerant of fluctuating and
extreme environmental conditions typical of this hab~tat.

The two flanking creeks, Apple Creek and Hurricane Creek, differed
markedly in the distribution of fish species. These differences reflect the
difference in physical habitat between the two creeks.

Apple Creek is sluggish, highly turbid (140 FTU), with steep sloping cut
banks and with silt/clay bottom sediments. Dissolved oxygen levels were
moderate (5.5 ppa). Fishes collected in order of decreasing biomass/acre were
carp, gizzard shad, shortnose gar, bluegill, green sunfish, quillback, and red
shiner (Table 7). Several hundred carp fry (1.2i5 om total length) were
collected in seine hauls but were not included in the quantitative analysis.
The large number of carp fry indicated suacessful recruitment of this species.
Apple Creek can be considered big river habitat and the species found there
were wide rangius and big river fishes.

Hurricane Creek is narrower with swifter flow and higher dissolved oxygen
(d.2 ppa). It is moderately turbid, with mo'a rately sloping banks and with a
greater diversity of bottom sediments incAuding silt, sand, course sand,
gravel, and small cobble. The fish assemblage in this area typifies a higher
gradient stream. Dominant fishes in decreasing order of abundance occurring
in this area were red shiner, bigmouth shiner, bluntnose minnow, hornyhead -
chub, brown bullhead, spotted bass, suckermouth minnow, golden shiner, emerald
shiner, and bluegill (Table 6). The upper reaches of Hurricane Creek typify a
prairie stream as do the assemblage of fishes within this habitat.

Sand dole Pond is a small spring fed pond (3 acres). Only three species
of fish were collected in this area and the Shannon-Wiener diversity index was
the lowest (1.03) of all sampling stations. A total of 5 carp, 9 bluegill,
and 2 largemouth bass were collected for a combined weight of 12.6 lb. The
per acre biomass estimates for these fishes were 217, 47, • 11 lb./acre,
respectively, for a total of 274 lb./acre. This was the highest of all the
sampling sites and is likely due to the capture of a single large 7 lb. carp.

Brushy Lake Swamp was not sampled for fishes bettause of inaccessability.
The dominant fishes known to occur in the swamp are stunted bluegills, mud
minnows, and bowfin (Powell, personal communication). Brushy Lake Swamp does( not support a recreational fishery.

Recent fishery investigations have been conducted within nearby Drainage
and Levee Districts (Eldred and Spanky-Thomsreon 1977; Nutwood-Axtell 1981).
These districts are similar in habitat to the Hartwell District and the fish
assemblages found within Eldred and Spanky and Nutwood relect those of the
present study. A total of 33 species are known to exist among the three

18



districts. Ten species are common to all three districts (see Appendix Table
A.1). There were some differences in species distribution among the thlje
districts. Four species collected from the Nutwood District aud 11 species
collected from the Eldred and Spanky District were not found in the Hartwell
District. Conversely, 6 species found in the Hartvell District were not
reported for Eldred and Spanky and 10 species found here were not reported for
Nutvood.

These differences in species occurrence can reflect differences in fish
habitat, differences in Level of sampling effort, and/or differences in
sampling geare and efficiency. Likely, a combination of these factors are the
cause of species occurrence differences among the three districts.

The aquatic habitats within the dartwell District, with the exception of
Brushy Lake Swamp, support a recreational fishery. Although the major
ditches, bordering creeks, and Sand Hole Pond are on privately owned land,
access to the habitats is not restricted in most cases. Fishing occurs along
ditch and stream banks, from bridges, and from small boats that are lowered
from steep banks. Overall, fishing pressure is moderate to heavy within the
district. It is estimated that betveen 20 to 40 people from nearby towns fish
the district weekly (Powell, personal communication). Most people fish for
carp and bullheads, although some of the major ditches and Sand Hole Pond are
also fished for largemouth bass and white crappie. The field collectiona at
dartwell have verified that adequate bass and crappie populations e..ist in
certain areas of the district to sustain a Same fishery.

No species listed as threatened or endangered in the State of Illinois
were collected within the Hartwell District.

4.4.2 Benthic Nacroinvertebrates

Five replicate ponar benthic samples and one qualitative sample were
collected at each of the 10 locations to evaluate the distribution of benthic
macroinvertebrates within the various aquatic haditats. Forty-three species
of benthic dwelling organisams were identified within the district. The bottom
fauna was dominated by aquatic oligochastee, namely tubificid and naid worms,
and chironomids (midges). Over all sampling locations, aquatic oligochaetes
made up 64.5Z of the total fauna and densities averaged 800/sq.&. Chironomid
lavas made up 19.2Z of the total and averaged 250 organisms/sq.m. Diversity
in the aquatic habitats is low. Shannon-Wiener diversity indices averaged
1.15 and the average number of species found per sampling location within the
district averaged 11 (Table 8). Comprehensive species lists and quantitative
information on individual species and sampling locations are presented in
Appendix B.

The greatest densities of aquatic oligochaetes were found in the ciitches.
There they averaged 1063 organismas/sq... and made up about 74Z of the total
bottom fauna. The most abundant worms were Lianodrilus sp., .L. spiralis, and

C L. cervix. Each of these species are considered tolerant-"f modirate to-heavy
organic pollution (Weber 1973). They are substrate feeders and are found in
silty, muddy sediments of sluggish and turbid waters, characteristic of
drainage ditches. Dero sp., a naid, and Lumbriculus were also collected
in the ditches.
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Chironomid lava* made up 21.31 of the ditch fauna and averaged 328
organisms/sq.a. The most abundant midges were Chironomus so. and Cryptochiro-
nomus so Both of these midges are considered facultative in their tolerance
to pollution. Other midges included G lyptotendipes jL' Parachironomus go.,
and Procladias so.

The bottom fauna in Apple Creek was similar to that found in the ditches.
The dominant organisms were tubificid worms and chironomid larvae. The dom-
nant worms were Limnodrilus s.E, L. cervix, nd L. spiralis. The mot abundant
chironomid larvae were Polyedilula L., Crymtochiroamus alp., Procladius e,
and Ablabesmya s_. One taxon of mayfly, eStenacron so., wa7sound in this
habitat. Members of this genera are considered intolerant of high levels of
organic pollutio.. Two genera of caddieflies, Cheumatopeyche R. and &dLr-
psyche * were 'taken from Apple Creek. No mayflies or caddisflies were
collected from the ditches. Species diversity was higher in Apple Creek than
in the ditches (Table 8). A total of 16 species were collected from this
area.

Only four taxa were collected from Hurricane Creek. These were Lianodri-
lus _V. (35/sq.e.), dyalella asteca (7/sq.m.), Stenonema A. (7/sq.;.), and
Cheumatopsyche s.. (14/sq.m.). The bottom sediments in this area were mainly
course sand and gravel. There was evidence of recent scouring of the bottom
from recent heavy rains and high stream velocities. The bottom fauna may have
been partially removed or disturbed at the time of sampling.

The bottom fauna in Sand dole Pond was dominated by Chaoborus s_., a
dipteran. This organism made up 65.7% of the fauna and densities averaged
about 2,000 orgaismas/sq.m. Chaoborus is considered facultative to intolerant
of organic pollution. Other dominant organisms included aquatic oligochaetes
(18.dZ) and chironomid lavae (4.5%). Total density of 3,211 organisms/sq.m.
was the highest recorded density within the district. Species diversity was
low at 0.91 (Table 3).

The most abundant bottom fauna found in Brushy Lake Swamp were chirono-
uids (284/sq.m.) and aquatic oligochaetes (270/sq.m.) The dominant midges
were Chironomus so. (17.6%), Kiefferulus so. (9.4%), ole ua up. (8.2%),
Glyptotendilp sp. (1.2A), and Procladius sa (1.2i). The nst abundant
aquatic oligochaetes were of the family Naididae. These were Dero Darn
furcatus, and Pristina schmiederi. The total bottom faunal density, 588
organisms/sq..., was lower than all other sites except Hurricane Creek.
Twelve taxa were found in the ruamp and the Shannon-Wiener index was 1.86
(Table 8).

qualitative smapling of benthic macroinvertebrates by hand collections
reflected the quintitative samples. lidges and tubificid worms were the
dominant organisaa. Additional species were encountered at only four of the
ten sampling locatious (Table 8).

f C The bentaic fauna occurring in the Hartwell District reflects that found
C in two nearby districts, Eldred and Spanky and Nutwood. In all districts, the

dominant organisms were aquatic oligochaetes of the families Tubificidae and
Ldaididae, and chironoaid larvae. Species diversity is somewhat lower in the
Hlartwell District. The average number of taxa was L1, compared to 22 reported
by Axtell (1981) for Nutwood and 22 reported by Thomerson (1977). Total
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density of macroinvertebrates was higher in the Hartwell District. The
average density was 1,355 organisms/sq.m. Axtell (1981) reported mean densi-
ties in the range of 60-IUO organisms/sq.m. for the Nutwood District.
Thomerson (1977) reported densities of 400 organisms/sq.m.

3.4.3 Zooplankton

"Thirty-four species of zooplankton were identified within the Hartwell
District. Over all sampling stations, the average zooplankton density was 236
organisms/l. Rotifers dominated the zooplankton (55Z-99.8Z of the total
count) (Table 9). Polyarthra . was the most abundant rotifer and it was
found in all habitats, standing water, ditches, and bordering creeks. Other
rotifers common to all habitats were Brachionus, Synchaeta, Trichocerca,
Keratella cochlearis, and Filinia longiseta (Appendix Table C.1). Th"ee
species are considered widely distributed and common. Copepods and clado-
cerans were less abundant. wopepods were limited mainly to Nauplil.
Cyclopoid copepodid types and Eucycloes asilis were found in restricted areas.
Cladoceran zooplankton were represented by four species (Appendix C.1).

Twenty-three taxa of zooplankton were found in the drainage ditches
(Appendix C.l,2). Rotifers dominated the collection. Polyartha ! was
abundant at Stationq 1 (270/1) and j (80/1). At all other ditch stations
densities for this rotifer were less than 7 organisms/l. Brachionus calyci-
florus was abundant" only at Station 5 (257/1). It was not found at Stations
2, 3, 4, and 6 and only one otLanism was collected at Station 1. Synchaeta
spp. was abundant only at Station 5 (83/1). Copepods and cladocerans were
present in the ditches but not abundant. Both groups averaged 8 or~anisms/l
(Table 9) (Appendix C.2).

Twelve zooplankton taxa were identified from the bordering creeks. In
Apple Creek, the average density was 32 organisms/I. Rotifers were the domi-
nant group comprising 88.2% of the total density. Keratella cochlearis (16/1)
was the most abundant rotifer. Copepods were represented by Nauplii. Only
one species of Cladocera, Alona spp., was collected in Apple Creek. In
Aurricane Creek the average density was 22/1. Nauplii copepods and Keratella
cochlearis were the most abundant organisms (Appendix C.3).

The lentic habitats were represented by 24 zooplankton taxa. Zooplankton
densities were greater in the standing water habitats than in the drainage
ditches or the bordering creeks. The average density for the two lentic
habitats was 664 organisms/l (Table 9). In Sand Hole Pond 13 taxa were
present. Rotifers were very abundant (1,032/1) and comprised over 99% of the
community. Keratvlla cochlearis (719/1) was the dominant rotifer in this
habitat. 2olyarthra spp. and Snchaeta ap2, were also abundant. In Brushy
Lake Swamp, 2U species were collected and diversity was higher than in Sand
dole Pond (Table 9). Planktonic density (293/1) was less than the density
observed in the pond. Rotifers were the dominant group. Trochosphaera
solstitialis (49/1) was the most abundant species.

All of the iooplankters collected are considered widely distributed and
common species. At several of the drainage ditches and in the bordering
creeks zooplankton densities were fairly low suggesting that environmental
conditions may have been limiting in these areas. Heavy rains, high stream
flows, and high silt loading that occurred in mid-July may have limited zoo-
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plankton abundance by direct dilution. Also, low secchi readings and high
turbidity measurements at the two bordering creeks and five of the six ditches
indicated highly turbid water conditons for these habitats. High turbidity
can limit production of rotifers and other zooplankton species.

( 3.4.4 Phytoplankton

Sixty-nine species of phytoplankton were collected within the Hartwell
District. The average density over all sampling stations was 3,966
organisms/ml. Chlorophyta (green) and Cyanophyta (bluegreen) algae dominated
the collections. Bacillariophyta (dV.i.oms) were abundant in restricted areas.
The most abundant taxa were considered good indicators of high eutrophic
conditions. Complete species listings are presented in Appendix D.

In the ditches, 46 taxa were collected and the average density was
4,054/ml. Green algae made up about 501 of the total density (Table 10).
Ankistrodesmus falcatus, Chlamydomonas, Dictosphaerium pulchellum and
ilcratinum pusillum were the dominant green algal species. These species are
all highly tolerant of organic pollution (Palmer 1977). Cr tomonas erosa, a
cryptophyte, had the highest density for any one species (935/ml). This
organism is generally found in highly eutrophic waters. The diatoms were
represented by Cyclotella and Hitschia. Euplena was abundant in two of the
six ditches (Appendix D.1).

The two bordering creeks differed markedly in abundance and distribution
of phytoplankton. In Apple Creek, 28 species were identified and the density
was 1,218/mi. Oscillatoria, a bluegreen, predominated at this site (473/ml).
Euglena (134/ml), Cryptomonas (128/ml), and Trachelomonas (108/ml) were also
abundant. These are all strong indicators of organically enriched waters
(Appendix D.2).

A depleted phytoplankton population was found in Hurricane Creek. Only
six taxa were present and the density was low (48/ml). Oscillartoria (28/ml)
was the most abundant sp--cies (Appendix D.2). At the time of sampling, flow
of Hurricane was significant (>1.5 ft/sec) from recent heavy rains and may
explain the limited numbers of phytoplankton pzesent in this habitat.

Differences in phytoplankton abundance were noted between the two lentic
habitats. In Sand Hole Pond, 35 species were present and the density
(14,787/ml) was the highest of all sampling stations (Table 10). Anacystis
(5,913/al), a bluegreen, was the dominant organism. Cyclotella stelligera.
(2,496/al), a diatom, and Scenedesmus bijuga v. alterans (943/ml), a green
algae, were also abundant. These taxa are also considered tolerant to high
organic pollution. In contrast, species diversity and density were low in
Brushy Lake Swamp. Only 13 taxa were collected and the total density was 285
organaisms/ml. Eugxlena Phacus tortus, and Trachelomonus sp. were the dominant
organisms (Appendix D.3). The surface waters of Brushy Lake Swamp were thick

S ( with duck weed and other aquatic macrophytes. This condition may have limited
light penetration to the subsurface waters and may explain the low numbers of
phytoplankton present in this habitat.

Overall, phytoplankton production in the district appeared to be high. I
Most of the species present are considered tolerant of high nutrient levels.
Although most sampling sites were moderately to highly turbid (a known
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limiting factor) (Table 5), probable high nitrogen and phosphorus loading to

the system rrom agricultural drainage present favorable conditions for phyto-
plankton growth. Kulfinski (1977) reported that phytoplankton densities
ranged from 175 to 13,000/1a at the Eldred and Spanky District. These are
consistent with the densities found in this study. He also found a similar
assemblaga of eutrophic indicator species. kxtell (1981) reported relatively
low numbers of phytoplankton organisms in the I.utwood District. Only 12
specie. we-,e identified and densities averaged only 600 organisms/ml.

4.0. SUHH¥AaY AND CCO(dEiDATIONS

Land in the Hartwell District is used primai. •y for agricultural prac-
tices. The major aquatic habitats in the district •_i large and small ditches
used to drain excess water frow croplands. Secondly, the ditches provide
recreational fishing for district residents and people from nearby communi-
ties. diost of the ditches support rough fishes, and in several areas large-
mouth bass and/or white crappie are abundant enough to support a modest game
fishery. A 3 acre pond is also used for bass and carp fishing.

The ditches take on heavy loads of silt from cropland erosion and re
dredged (by draglining) on a regular basis. Dredge spoil is put back intu the
fields. The bottom fauna is limited to aquatic oligochaetes and chironomid
larvae. The plankton species are indicative of high nutrient loading and
organic pollution. The aesthetic value of the ditches could bi improved by:

1. Maintaining vegetation along side of the ditches by not plowing
with dredge spoil

2. Dredge various reaches of ditches to different depths to pro-
vide a greater variety of fish habitats.

An 87 acre shrub swamp located in the southwest corner of the district
does not support recreational fishing. It is, however, considered a valuable
wetlands resource for waterfowl and wildlife. For several years the privately
owned swamp has been leased to a local duck club for hunting rights. The
current owner is considering draining the swamp for agricultural purposes.
Some members of the community are concerned and would like the swamp to remain
intact for aesthetic value. An opportunity to preserve the swamp exists and
the feasibility of either local or state acquisition of the land should be
examined.
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Appendix Table A.1. Composite species list of fish known to occur in the
Hartwell Drainage and Levee District through recent
field collections

Eldred and Spankey Nutwood HartwellSpecies Thomerson (1977) Axtell (1981) (Present study)
Shortnose gar X XBowfin XGizzard shad X X XGrass pickeral X
Carp X X XGoldfish XGolden shiner X X XHornyhead chub XEmerald shiner X X XBigmouth shiner XRed shiner X XSuckermouth minnow XBluntnose minnow XFathead minnow XBigmouth buffalo 

XRiver carpsucker XQuillback X XBlack bullhead X X XBrown bullhead X X
Channel catfish X
Blackstriped topminnow X XMosquito fish X
White bass XSpotted bass 

XLargemouth bass X X XBlack crappie X XWhite crappie X X XWarmouth X X XGreen sunfish X X XOrangespotted sunfish X X
Bluegill X X X
Brood silversides X
Freshwater drum X X X
Total Species 26 15 21

Total Species (all Districts) 33
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Appendix A.2. Summary of Fish collected (all sampling stations combined)
within the Hartwell District and bordering creeks during a
Joint Field Reconnatsance/Biological Survey conducted
between 24 July and 11 August 1981

MOAM. NO/ Ln8 PCT IMONT (ON) LENGTH (CM)
SPCIES LIST -A E CORP Min MAX lEAi MIN MAX HEAN

90CR 0GAP 1 2 1 .3 220. 40.5
GIZZ AR D 79 191 15 25.8 1. 160. 36. 5. 26. 14.8
CARP 26 63 65 8.5 1. 3000. 468. 4. 61. 31.3
HONm M 4 10 1.3 4. 6. 5. 7. 7. 6.7

LEM SHINER 2 5 .7 10. 10. 10. 10. 10. 9.6
eVELD SH4INER 1 2 .3 1. 4.2
BIGIiH SHNER 7 17 2.3 1. 5.0
SSHIIENR 12 29 3.9 1. 2. 2. 4. 5. 4.7
sj I•o m "ltowi 1 2 .3 1. 3.0

,UJTIIM RDN" 5 12 1.6 1. 1. 1. 4. 5. 3,8
CARP FRY 50 121 16.3 • 2.5
OIU" 1 2 .3 8. 8.3BISOIWtTH WFFM,0 1 2 .3 2. 5.8

MLRILUBEB 1 2 .3 60. 15.6BROIWJNl EAD 4 10 1 1.3 1. 150. 40. 4. 21. 9.0
SUFISH 5 12 1.6 . 1. . 3. 4. 3.3
G UNFISH 7 17 2 2.3 1. 160. 48. 3. 21. 10.3
WJT 3 7 1.0 10. 30. 17. 9. 11. 9.9

hJIEILL 70 169 8 22.9 1. 120. 22. 3. 18. 9.9
SpOtl"1DMS 4 10 2 1.3 12. 220. 76. 9. 28. 16.4
LOOO OnMS 5 12 17 1.6 18. 820. 636. 12. 44. 33.4
W17I CUMIE 16 39 4 5.2 18. 232. 53. 11. 27. 15.3
FF&iUATER IM 1 2 .3 4. 5.3

TOTALS 306 741 TOTAL WEIGHT (KC) 21.80
TOTAL WEIES 23 KO/ARWE 52.75
Swm -VIENIE IWOEX 2.23 TOTAL PtMM/ACPE 116
SNPLING EIF01RT

220V C .ELCIWFI9IS4 - 8 HOU
' SEI•E - 8INU

18=00 SUN: FEET

( PHYSIC AL P ARETERS

T9UPTRTLM (DE1 C) 20.5 26.0 22.5
DISSOLV•ED OXYGEN (PP1) 3.0 9.2 9.5
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APPEINIX TASLE A. 3. SLI OF 1IIE SUMY - STATION 1

TOTAL NO/ LB/ PCT WEIGHT (ON) LENOTH (CM)
SPECIES LIST NO A ACRE Cow "IN 'N IMEAX I MEN IN I'MEN

GIZZAR SHAD 6 105 7 35.3 22. 58. 32. 14. 19. 15.4
S4 70 63 23.5 300. 720. 410. 29. 41. 32.9

BLUEGILL 4 70 6 23.5 2. M0. 38. 5•. 14. 94
WHITE CMPIE 3 52 5 17.6 36. 44. 41. 14. 17. 15.4

TOT.LS 17 296 TOTAL. EIOHT (KO) 2.10
TOTAL SPECIES 4 KO/IA 36 't
SMOICMIDERl IWOEX 1.35 TOTA. POLJiS/ACRE 81

SAMPLING EFFORT

220V A ELECT'OFISHING - 60 HINUTES
1/4 INCH SEININD - 5 HALLS
2500 SUN FEET

PMISIC. P.TERS

7T9VRA.E (lEG C) - - 23.0
DISSOLVED OXYOE (PH) - - 3.6

~ (
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APMM1X TA.E A. 4. %R*m OF FIHEMRY - STATION 2

TOTAL NO/ LB/ PCT WEIHT (G) LENOTh (CH)SPECIES LIST NO ACE ACR Comp "IN IAX WEA NIN w WA

GIZZARD SW 15 327 26 51.7 20. 110. 36. 12. 23. 15.7CARP 3 65 49 10.3 300. 380. 343. 30. 35. 32.3GIJ.DEN SHINER! 22 3.4 10. 9.5BLAKILU'EAO 1 22 3 3.4 60. 15.8KUEGILL 8 174 5 27.6 6. 30. 14. 9. 16. 10.8 .
SA 1 22 37 3.4 780. 35.0
TOTALS 29 632 ITAL. WEIGHT • G) 2.54TOTA. SPCIES 6 KO/ACRE 55.23SiWMDWOEEFR INIEX 1.28 TOTA. PONI)SI•ACRE 122

SAMLING EFFO• T

220V A ELECTROFISHINO - 60 MIWUIE
1/4 INCH SEINE - 5 iAULS
2000 SPIR FEET

MSICA. PARWETERS;
"NIN MAX tEAN

19M TLETI (DEG C) " - 22,o
DISSMYEI) OXYGEN (PP•) - - 3.3

1A
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AFMMlIX TMLE Ak 5, SUM OF FIS Y SUM - STATION 3

TOTAL NO/ LB/ PCT WEIOHT (O) LENOTH (CM)
SPVIES LIST NO ACRE ACRE CP MIN MAX MEA MIN MAX MEAN

OIZZARD SW 20 498 42 66.7 2. 78. 38. 6. 19. 15.1
S3 75 53 10.0 198. 420. 320. 26. 34. 30.1
SUNFISi 2 50 6.7 1. 1. 1. 4. 4. 3,9
GREEN SUFISH 1 25 9 3.3 160. 20.5
BLUEGILL 2 50 3 6.7 20. 32. 26. 11. 12. 11.1
UPOEWTH BASS 2 50 46 6.7 18. 820. 419. 12. 44. 27.8

TOTALS 30 747 TOTAL WEIGHT (KG) 2.78
TOTAL SPECIES 6 KI/ACW 69.10
9W4GNONIIENER INDEX 1.16 TOTAL POUANIACRE 152

SAPING EFFORT

220V AC ELECTROFIStII - 60 MINUTES
1750 SQWE FEET

PHYSICAL PMETERS
NIH MAX MEAN

TWUERATIRE (DEG C) - - 22.0
DISSOLVED OXYGEN (PPM) - - 3.0

I (
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~fP94DIX TALE A. 6. SIlRY OF FISHERY SlJ - STATION 4

TOTAL NOm LB/ PCT WEIGHT (OM) LENGTH (CM)
SPECIES LIST NO ACRE ACRE cowI MIN MAX IEAN MIN MX IEAN

OIZZARD S4AD 14 348 20 34.1 1. 50. 36. 5. 18. 14.3
S5 124 122 12.2 192. 760. 443. 24. 42. 31.0

BROWN PULLIEAD 1 25 8 2.4 150. 21.0
SUNFIS 2 50 4.9 . 1. . 3. 3. 2.9
O.UEOILL 8 199 10 19.5 4. 42. 23. 6. 13. 9.8 I
WHITE CRAPPIE 11 274 35 26.8 18. 232. 59. 11. 27. 15.3

TOTAU 41 1021 TOTA. WEIGHT (K0) 3.70
TOTAL. SPECIES 6 KG/ACRE 92.1 C
SIPMW 4HIEIER INDEX 1.53 TOTAL POUNDS/ACRE 203

SAMPLING EFFORT

220V AC ELECTROFISHING - 60 MINUTES
1/4 INCH SEINE - 10 HAULS
1750 SR.ARE FEET

Ph, 3ICA. PARAETERS
Him MAX MEAN

TEm'I~llm (DEO C) -- 22.0
DISSOLYED OXYGEN (PPI) - - 5.0

T9'F~lM (lED ) - 22.

( I!
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APPD TAKE A. 7. OF FISY IiYY - ..ATI.. 5

TOTAL NO/ L/ PCT EIG1HT (ON) LENTH (CM)
SPECIES LIST NO AME AM COP MIN IMAX MEAN "IN "a EAN4

GIZZARD SHAD 6 131 10 22.2 20. 58, 35. 13. 19. 16.0
SUNFISH 1 22 3.7 1. 2.8
G ,I UNFIS 2 44 6 7.4 30. 100. 65. 12. 16. 14.2
WRqOUJTH 1 22 1 3.7 30. 11.2
L.UEGILL 15 327 13 55.6 3. 40. 1•. 6. 14. 10.2

Svom BASS 1 22 39 3.7 820. 38.2
W4ITE CRAPPIE 1 22 2 3.7 35. 15.0

TOTALS 27 58 TOTAL. WEIOHT [K0) 1.49
TOTAL. SPECIES 7 K/IACRE 32.35
%WION-IIENER INDEX 1.34 TOTn. POUM IAC/ 72

SAPLING EFFORT

220Y AC ELECTOFISHIN8 - 60 MINUTES
2000 SQUAE FEET

PMWICAL PNWAET
"IHN M'AX

TWEVRTUFI (DEO C) - - 22.0
DINOLYED OYIGEN (PPM) - - 6.4

i
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4

NPEJSII TAMLE A. 8. M W OF FIERY SMM - STATION 6

"a0TN.NO/ L.B Ci WuEIGHT Mo) .iom (CM)
SPECIES LIST NO ACE ACE Cw HNI MAX MEN "IN MAX MENM

6IZZR SHAD 8 174 14 22.9 30. 50. 37. 14. 16. 15.0
CARP 2 44 49 5.7 500. 525. 513. 36. 40. 37.8
GREN SJNFI;4 1 22 2 2.9 40. 12.0

UT 2 44 1 5.7 10. 10. 10. 9. 10. 9.1
ILUEGILL 20 436 24 57.1 3. 120. 25. 6. 18. 10.3
SPUTT D BS 1 22 1 2.9 20. 10.2
WHITE CRPWPIE 1 22 2 2.9 40. 15.2

TOTM.S 35 762 TOTL. WEIGHT (KG) 1'

TOTAL SPECIES 7 K1/ACIX 42.10
SHflO I-WIB INDEX 1.29 TOTA. POUW/ACCE 93

SAMPLING EFFORT

22W AC ELECTROFII1INM - 60 MIIUTES
2000 S-ME FEET

flSICtL PNWETERB
"IN AX EM

TBPWATURE (DEG C) - - 20.5
DISSOLOED OXYGEN (M) - - 6.7

I
iI
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WM; IX TALE A. 9, stnmy (F FIlm MWy - STArTIC 7

TOYTL t Lo w PCT WEIT (lam) LETH (CM)SPECIES LIST N0 WE A M N.:I MA mm "IN MX MEM

S5 109 217 31.3 300. 3000. 904, 0. 61, 37.7,M ILL 9 196 11 56.3 h. 80. 25- 5. 17. 10.2" P ImS 1 22 II 6.3 220, 28.0Lm " vaMS 1 22 36 6.3 740. 31.0
TOTALS 16 34" TOTAL NEWHT (KO) 5.70TOTAL SPECIES 4 O/ACRE 124.21
SWOM.IE IMEX 1.03 KTOTAL PO1M22 774
SAMLING EFPORI

22W C aELCTROFISNIND -60 HIMJIE
2000 SQUARE FEET

PIWICM. PUWETER
MIN IMX ',AMTE?9P1uIE (DEG C) - 24.0DISSUED OXYOE (IPP) - 7.6

(

.!I
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UPWIx TAKE A. I0. sUWWW OF FHOYW UMvEy - STATION 9

TOTAL NOW La1 PCT WlElcr (Gtl Lfo (CH)SPECIES LIST NO ACRE ACE C01, "IN MIAX WAMII N mI X WEAOR'TNo• 6 1 15 7 1.3 220. 40.5
1%I 0 ft SOn 10 145 12 13.3 4. 160. '37. 7. 26. 12,3

S4 X 25 5,3 1. 400. 1 1. 4. 30. 19.0pe S"118 2 29 2.7 1. 1. 1. 4. 4. 4.0W FRY 50 726 66.7 
2.5OIULLwa I is 1.3 8. 8.3

mmEB UWISH 3 44 4.0 1- 2. 1. 3. •, 3.7WBILL 3 44 4.0 1- 25. 9. 3. 12, 6.1FR•SI•R IRW I is 1.3 4. 5.3
TOTAUS 75 109 TOTAL WOEIGHT WS) 1.42TOTAL SPECIES 9 KG/ACRE 20.629*IO-..9BER IwOEo 1.22 TOTAL POt1S/AcE 45

SMfLING EFFORT

22O/ M E.ECTB FIS4IND - 60 NIain
1/4 INC1 SEINE - 10 WAS
3000 SIUE FEET

"PlIN MAX MEANTOMR" ( C) - 23.0DISSILED OIMEI (Pp") 
- " 5.5

(

SI
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A!9MI1 TAILE A. 11. 9~ OF FISEW1 9J - STATION 10

TOTAL NO/ LB/ PCT WEIGHT (OM) LINOTH (CM)
SPECIES LIST NO NX AM COP HIN MAX MEAN HIm X MlEAN

HOYNM OhJ 4 174 2 11.1 4. 6. 5. 7. 7. 6.7
GOLDEN S•INES 1 44 1 2.8 10. 9.6

DI StHINER 1 44 2.8 1. 4.2
,IGlIOTH sl4e1 7 30 19.4 1. 5.0
SSHINS 10 436 2 27.8 2. 4.8
SIkcKE U1 "IN"UN 1 44 2.8 1. 3.0
VLUNTMOSE HINNOW 5 218 13.9 1. 1. 1. 4. 5. 3.8
IOMOUTH I.FN.0 1 44 2.8 2. 5.8

WM KLLMEM 3 131 1 8.3 1. 4. 3. 4. 6. 5.0
RlUEDILL 1 44 2.8 1. 3.2
SPOTM BAS 2 87 6 5.6 12. 52. 32. 9. 15. 12.2

TOT•LS 36 15M8 TOTAL lEIGHT (KO) .13
TOTAL. SPECIES It KI/Am 5.64
Si•W0•IENER INlD 2.06 TOTAL POIaS/AmE 12

SAMPING EFFORT

1/4 SINE - HAMLS
MO0 SWIE FEET

FMWICN. PNWIETE
"HIN MAX HM

T MIMI (lEG C) - - 22.0
DIS1LD OXYGN (PPM) - - 8.2

(7.
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Appendix B.3. Summary of benthic macroinvertebrates collected from two lentic
habitats within the Hartwell District. Sand Hole Pond (7) and
Brushy Lake Swamp (8).

7 M
ND/ % No/1% NO/ %

SQM CJowP SQM COMP SQM COMP

P-AE.IDA 602 18.8 298 50.6 450 23.7

C-NIRNDINEA 0 0.0 28 4.7 14 .7

HIRthINFEA UNIDENTIFAIBLE 0 0.0 28 4.7 14 .7
0-WmTHOB.UDA

C-OLIWOOTA 602 18.8 270 45.9 436 23.0

F-MIDID
DEO SP 111 3.4 125 21.2 118 6.2
DERO FUKATUS 0 0.0 28 4.7 14 .7
PRISTINA S)MIEDERI 42 1.3 7 1.2 24 1.3

F-TlBIFICIDEE
TUlBIFICIDAE W4NIDERTIFIABLE 7 .2 0 0.0 3 .2
II9 W/O CAP.1 AETAE 0 0.0 7 1.2 3 .2
LII9RILUS V 367 11.4 21 3.5 194 10.2
LIMMIIOILUS CERVIX 76 2.4 0 0.0 38 2.0

F-UMRICLIDIE
ILIURICUILUS SP 0 0.0 83 14.1 42 2.2

P-RHOM 2609 81.3 284 48.2 1446 76.1

C-INSECTA 2609 81.3 284 48.2 1446 76.1

O-COL.EVTiERA (IEETLES) 332 10.3 0 0.0 166 8.7
F-ELMIDE
MMIUWHIA S 332 10.3 0 0.0 16, 8.7

O-DIPTTE 2256 70.3 284 48.2 1270 66.8
F-aOWeRIvA

CHAOBOS• U 2111 65.7 0 0.0 1O 5.6(,
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Appendix B.3. Con't

F-OIIROIDIIE 145 4.5 284 48.2 215 11.3
SF-CIROOINAE UNID 42 1.3 55 9.4 48 2.6
CHIRONCWS SP 7 .2 104 17.6 5 2.9
CIVTOCHIiNMS SP 7 .2 7 1.2 7 .4
aLWTUTENDIIP SP 0 0.0 7 1.2 3 .2
KI1E:UML S• 0 0.0 5 9.4 28 1.5
PCLYPEDILU SP 0 0.0 48 8.2 24 1.3
M.XADIUS SP 69 2.2 7 1.2 38 2.0
MWTFENIA SP 7 .2 0 0.0 3 .2

0-WATA (MISIPTEPA) 7 .2 0 0.0 3 .2

TETROIMEIR S? 7 .2 " "o 3 2.
O-TRIDOGPTER (CAMISFR.ES) 14 .4 0 0.0 7 .4

F-LýRI~DFI
oEwlrIs• 14 .4 0 0.0 7 .4

P-4q.LLUA 0 0.0 7 1.2 3 .2

C-L(STBCFOA (SNAILS) 0 0.0 7 1.2 3 .2

PIYSA SP 0 0.0 7 1.2 3 .2

TOTAL ENITY 3211 588 1900
ST•MMD I OR OF VMI 547.64
RINGE OF DENSITIES 1073- 5294 346 - 934 346 - 5294
TOTAL .hER OF TAXA 15 15 22
WYMER OF REPLICATES 5 5 10
SUSTRATE SILT DETRITUS

DETRITUS

DEom 8 3 5

(

I.

3
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Appendix B-4. Summary of benthic macroinvertebrates collected from thebordering creeks of the Ha.-twell District. Apple Creek (9)and Hurricane Creek (10)

9 to IME
NO/ % No/ % ND/ %

SQ " cow SQ" COMuP So COMP
P-PtATYhELIIWTHES 28 3.0 0 0.0 14 2.8T1BELLMIA LMIMNITIFIABLE 28 3.0 0 0.0 14 2.8

P-NELIIA 664 71.6 48 63.6 36 71.0
C-OLIG0C2EA 664 71.6 48 63.6 36 71.0

OLIM0WETA UNIDDNTIFIABLE 14 1.5 0 0.0 7 1.4

F-TUDIF'ICIIAE
I1M. W/O CA. CITAET• 0 0.0 14 18.2 7 1.4LIWI4OILUS SP 547 59.0 35 45.5 291 57.9LI1NMILUS CERVIX 69 7.5 0 0.0 35 6.9LIMICMRILUS SIIRALIS 29 3.0 0 0.0 14 2.8

F-UJIICULIDAE
LURICLUS SP 7 .7 0 0.0 3 .7

P-AMRflN' 221 23.9 28 36.4 125 24.8

"C-"USTCAA 7 .7 7 9.1 7 1.4

O-N' IPOIA (9=1) 7 .7 7 9.1 7 1.4OMAUS SP 7 .7 0 0.0 3 .7t4YI.E.A AZTECA 0 0.0 7 9.1 3 .7
C-INSECTA 215 23.1 21 27.3 118 23.4

O-COE.PTEM (BEETLES) 35 3.7 0 0.0 17 3.4
F-U.MIAE
STENE.IIIS SP 35 3.7 0 0.0 17 3.4

S(_ _ _ _ _ _ _ _
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Appendix B.4. Con't.

0-DIPTaM 
111 11.9 0 0.0 3 11.0

F'OfiIInnpiE 111 11.9 0 0.0 3 11.0SF"HIN01lIE INID 7 .7 0 0.0 3 ,7nR•T0CI 0 s 21 2.2 0 0.0 10 2.1PVLYP)II..JI 9P 35 3.7 0 0.0 17 3.4NfTwxfTmmu SP 7 .7 0 0.0 3 37SF-TmWOfMIE 7 .7 0 0.0 3 .7PROCLAI)JS Sp 21 2.2 0 0.0 10 2.1LýAU (MAYIA SP 14 1.5 0 0.0 7 1.4- HPTE NI YFLIES) 21 2.2 7 9.1 14 2.8F-14B~T A Oa N Id E14 
2 ,

STOIEM SP 0 0.0 7 9.1 3 .7STENAIf stw 21 2.2 0 0.0 10 2.10-TRIcCOPTEM (CMDISFLIES) 48 5.2 14 19.2 1 2.2
F-WMWMIIAE 31 6.2EIOT01YE SP 35 3.7 14 18.2 24 4.814YDOVPSYPESP 14 1.5 0 0.0 7 1.4

P-NIOLLUSCA 
14 1.5 0 0.0 7 1.4

C-GASTRp (SNAILS) 14 1.5 0 0.0 7 1.4
PHY VSP 14 1.5 0 0.0 7 1.4

TOTAL DEITY 
Y17 76STRAE O OR OF D ITES 

212.DTA KOFMENFSITIE 0- 1972 0 - 139 0 - 1972TOTL F LIOFTAXA 19 5 22M EOF IPLICATES 5 5 10SJDSTRATE 
SILT SANISAM M UBLE5 

3 
4

*Mae
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Appendix Table C.1. Comparision of species distribution among three major
habitat types within the Hartwell District. (An X
indicates that species was present)

Lentic DthsBordering
Habitats DthsCreeks

Station No. 7,8 1-6 9-10

Taxa

Rotifers
Asplanchia spp. X x
Branchionus angularis X X
B. bidentata X
B. budapestinensi s X
B. caudatus X X
B. calyciflorus x
B. havanaensis X
B. quadridentatus X
B. urceolaris X X
Cephalodella spp. X X
Euchiaris spp. x
Filinia longiseta X X X
Karatella cochlearis X X X
K. valga X
Lecane spp. X X
Lepadella spp. x
Monostyla spp. X X
Mitilina spp. x
Notholca spp. x
Platylas patulus X X
P. quadricornls X
Polyarthra spp. X X X
Synchaeta spp. X X X
Testudinella spp. X
Trichocera spp. X X X
Trochosphaera soistitialis X
Bdelloid rotifer X X

Copepods
Cyclopold copepodid x x x
Eucyelops agilis X
Nauplii X X X

( Cladocerans
Alona spp. X X
Ceriodaphnla spp. x x
Macrothrix laticornis X
Mamna brachiata x
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Appendix C.3. Summary of zooplankton collected from the bordering creeks of
the Hartwell District. Apple Creek (9) and Hurricane (10).

STATION 9 STATION 10
t1l % NO/ 1

LITER OCCUR LITER OCCR LITER OCCUR

ROTIFER 28 06.2 12 35.0 20 73.5
I•MICONUS•MMIGLWIS 0 0.0 1 5.0 (1 2.0
BRI•ONUS CMU,1TUS 1 3.4 0 0.0 ( 1 2.0
CEWMEL0 A Sl• 0 0.0 1 5.0 (1 2.0
FILINIA L.NISE'TA 0 0.0 1 5.0 ( 1 2.0

ME1."A CoM MIS 16 48.3 6 2.0 It 38.8
TIELLA VYLA 4 13.8 0 0.0 2 8.2

PQLYMRA9P 2 6.9 1 5.0 2 6.1
SV Er•ASPP 1 3.4 2 10.0 2 6.1
•WIC1O4CO SPP 3 10.3 0 0.0 2 6.1

COM A 3 10.3 9 40.0 6 22.4
CV OCLOID ID 0 0,0 1 5.0 (1 2.0
WMUFLII 3 10.3 8 35.0 6 20.4

S1 3.4 0 0.0 (1 2.0
ALONA SPP 1 3.4 0 0.0 (1 2.0

MCROIM'TM1E RIFT 0 0.0 1 5.0 (1 2.0
iEMATOM 0 0.0 1 5.0 (1 2.0

TOTAL DMNSITY 32 22 27
TOTA WNER OF TAA 8 9 13
SWMOl•NI• IDIEX 1.63 1.84 1.97

(I
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Appendix C.4. Summary of zooplankton collected from two lentic habitats with-
in the Hartwell District. Sand Hole Pond (7) and Brushy Lake
Swamp (8).

STATION 7 STATION 8 NEM
NO/ 1 No/ % NoI /

LITE OM.U LITl OWQM L1T• OMJR

ROTIFER 1032 9.8 213 72.7 623 93.8
AM.IM SPP 41 4.0 1 .4 21 3.2
VMIfIS SIBP 0 0.0 3 1.1 2 .3
uA0HIOU CMUIAUS 2 .2 0 0.0 1 .2
IMO4INJS I4WNM IS 197 19.0 0 0.0 98 14.8
VMHIONUS JMIIMNTATUS 1 .1 0 0.0 ( 1 .1F M4IWIJ LR9.MMIS 1 .1 0 0.0 (1 .1
C84K W S.lP 0 0.0 9 3.0 4 .7
FILINIA LONDISETA 3 .3 2 .8 3 .4
MRJTELLA CO.LEARIS 719 o'.5 1 .4 360 54.2
LECE 9PP 0 0.0 22 7.6 11 1.7
LEUELLA F 0 0.0 3 1.1 2 .3
HONOSTYLA SPP 0 0.0 27 9.1 13 2.0

MYTILIA SPP 0 0.0 10 3.4 5 .8
fLATYIAS PATULUS 0 0.0 7 2.3 3 .5
POLYNMTIISPP 42 4.1 0 0.0 21 3.2
S'fNCWEA SFP 16 1.5 26 8.7 21 3.1
TESPIIN.LA SFP 1 .1 9 3.0 5 .8
TRIO R, ASlPP 3 .3 0 0.0 2 .3
1001034V S0LSTITIALIS 0 0.0 49 16.7 24 3.7

WID MELLOID ROTIFER 6 .5 44 15.2 25 3.8

cOPEPU 2 .2 72 24.6 37 5.6
CYOJPID IPEP)fD 0 0.0 17 5.7 8 1.3
EUCY(PM AGILIS 0 0.0 11 3.8 6 .8
WMR.II 2 .2 44 15.2 23 3.5

QADOCERA 0 0.0 4 1.5 2 .3
ALONA SlP 0 0.0 3 1.1 2 .3
CERIOSWM9IA SlP 0 0.0 1 .4 (1 .1

MMI1SR M31E ONIFT 0 0.0 3 1.1 2 .3

W1ATOM 0 0.0 3 1.1 2 .3

T0TNO DESITY 1034 293 664
TOTL hRM OF TAXA 13 20 26
9WUNO-IIeR IIIE 1.00 2.50 1.81

77 '77-1 W
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Appendix D.2. Sunmiary of Phytoplankton collected from the bordering creeks of
the Hartwell District. Apple Creek (9) and Hurricane Creek (10).

STATINW 9 STATION 10

NO1lL OCMI NO/I. OCMP NO/N. OCMR
OtOReIWATA 206 16.9 8 15.8 107 16.8

ACTINGTh WMITZSII1 21 1.7 0 0.0 10 1.6ANKISTMAE99J FM.CATUS 46 3.8 0 0.0 23 3.7
OLARMO SID SP 57 4.6 5 10.5 31 4.9.. VMC!IOEIM6 ACIFIM 0 0.0 3 5.3 1 .2MMCIMlIA TEMIEDIA 5 .4 0 0.0 3 .4DICTIOMI Lp •.cUaI'm 10 .8 0 0.0 5 .8ELWaTOTHII VIRIDIS 5 .4 0 0.0 3 .4
NICRWTINI1H FILL1H 36 3.0 0 0.0 18 2.8PAMIN O fI 5 .4 0 0.0 3 .4
SCBEESNJS DIJJOA 5 .4 0 0.0 3 .4
SXBES 114, WMICAMA 15 1.3 0 0.0 8 1.2

DWILLIRIMMA 113 9.3 3 5.3 58 9.1cMoOTELA SP 51 4.2 0 0.0 26 4.1
IEOSI.IM N!OJU 10 .8 0 0.0 5 .8WICUOLA MIPTOCBWNA 5 .4 0 0.0 3 .4NAVlO.I.A RIffNcOCE•UW 0 0.0 3 5.3 1 .2""NITZSH41A P 26 2.1 0 0.0 13 2.0NITZSC4IA KICULARIS 15 1.3 0 0.0 8 1.2NITZSMIA HOLSATICA 5 .4 0 0.0 3 .4

CY•OPHYTA 493 40.5 28 57.9 261 41.2
NVAM 9 5 .4 0 0.0 3 .4QVVMS SP 10 .8 0 0.0 5 .8WAfIZOMIEON FLOS-AaN 5 .4 0 0.0 3 .4i0CIUATORIA• 473 38.8 28 57.9 250 39.6

yc
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Appendix D.2. Con't.

cWIWTlPMWA 144 11.8 8 15.8 716 12.0MUIQMSM IAUTA 15 1.3 0 0.0 8 1.2
EMMC40NASA 128 10.5 8 15.8 68 10.8

DRYSMMA 10 .8 0 0.0 5 .8WI MNS TDNSJATA 5 .4 0 0.0 3 .4

Sr 
5 .4 0 0.0 3 .4

EU..BIMFtWTA 247 20.3 3 5.3 125 19.7EL.M SP 134 11.0 0 0.0 67 10.5PmIWI SP 5 .4 0 0.0 3 .4ITRAELlM SP toe 8.9 3 5.3 55 8.7

PYNMtIMTA 5 .4 0 0.0 3 .4
CE]ATIUN HIRUIIELLA 5 .4 0 0.0 3 .4

TOTAL. DNSITY 1218 49 633
TOTAL UM OF TAXA 28 6 30SWUN-VIEER IDE 2.28 1.31 2.27

777 BMWM
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Appendix D.3. Summary of Phytoplankton collected from two lentic hbitats with-
in the Hartwell District. Sand Hole Pond (7) and Brushy Lake
Swamp (8).

STATION 7 STATION 8 WEAN

NO/N OCCU NOI.L OCCU NO/n OCCUR

OLOPHYA 3364 24.4 3 .9 1683 23.9
Mt(ISmOME FM.CAT1U 178 1.3 0 0.0 89 1.3
OMMIOROM SP 406 3.0 0 0.0 204 2.9
CHOMTE.LA SJADRISETA 25 .2 0 0.0 13 .2
CLOSTERIOPSIS LONGISSIM 25 .2 0 0.0 13 .2
C1aC6M SWERICUM 51 .4 0 0.0 25 .4
CRUCIGENIA CRUCIE 280 2.0 0 0.0 140 2.0
CRUCIGENIA TETERADIA 561 4.1 0 0.0 280 4.0
I ATOTHRIX fU .ATINOA 25 .2 0 0.0 13 .2
ELXATOIHRIX VIRIDIS 25 .2 0 0.0 13 .2
KIERIEI.A MESA 51 .4 0 0.0 25 .4

SICRCTINIJM, PUSILLWI 178 1.3 0 0.0 89 1.3
OOCYSTIS SP 510 3.7 0 0.0 255 3.6
PANDORINA YROW 0 0.0 3 .9 1 .0
PEDIASRUM TETRAS 25 .2 0 0.0 13 .2

SMENEDE99JJ BIJMA V ALTERN 943 6.8 0 0.0 471 6.7
SCBEDEMIDINOIWl.IS 25 .2 0 0.0 13 .2
TTRO SP 25 .2 0 0.0 03 .2
TERA1M CA.3•TAM 25 .2 0 0.0 13 .2

DACItLI1IOFTA 2752 20.0 23 8.1 1388 19.7
CYCLOTE.LA STELLI.ERA 2498 19.1 0 0.0 1249 17.7

OC4WOE• SP 0 0.0 3 .9 1 .0
MELOSIRAU RMATA 25 .2 0 0.0 13 .2
NAVICULA•PS 0 0.0 8 2.7 4 .1
MIWICJLA CRYPTOC9W.A 0 0.0 5 1.8 3 .0
NITZSC4IA SP 102 .7 5 1.8 54 .8
NITZSCHIA ACICU.ALIS 127 .9 0 0.0 64 .9
SYIM SP 0 0.0 3 .9 1 .0

CYMIL'HYTA 6320 45.8 49 17.1 3185 45.3
AOIE!LUi SP 25 .2 0 0.0 13 .2
ANA MSP 25 .2 0 0.0 13 .2
MCYSTIS U9 5913 42.9 49 17.1 2981 42.4
AMNIZOMMN FU*-MM 25 .2 0 0.0 13 .2
LV IISY 331 2.4 0 0.0 166 2.4

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Appendix D.3. Con't.

rYPTIwTA 714 5.2 5 1.8 359 5.1
OFOUM ACTA 510 3.7 0 0.0 25 3.6
CRYPTOIMOA SP 0 0.0 5 1.8 3 .0
MYPTOM EROBA 204 1.5 0 0.0 102 1.4

OIYSPMA 102 .7 0 0.0 51 .7
t'W..01NAMTONM RATA 76 .6 0 0.0 38 .5

SS 25 .2 0 0.0 13 .2

EUGI.IBOWTA 408 3.0 206 72.1 307 4.4
EUM SP 127 .9 64 22.5 96 1.4
EL.BI ACtS 0 0.0 3 .9 1 .0
PIAM SP 25 .2 5 1.8 15 .2
PCIBS TOITUS 0 0.0 82 -8.8 41 .6
TRAM 1.O A SP 255 1.8 51 18.0 153 2.2

P•Vf6U4YIA 102 .7 0 0.0 51 .7
CERATIUH HIRUNMINELLA 102 .7 0 0.0 51 .7

XK(TAN PYTM 25 .2 0 0.0 13 .2
OPHIOCYTIMU CWITA11Iq Y LONBISINUM

25 .2 0 0.0 13 .2

TOTAL DEITY 13787 285 7036
TOTA NIBOERF TAXA 35 13 43
SIWANIEJM1ER INDEX 2.16 1.86 2.21

C!
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